First described in 1983 (10), extended-spectrum ␤-lactamases (ESBLs) have contributed to the dramatic increase in resistance to ␤-lactam agents among gram-negative bacteria in recent years (2, 3, 8) . These enzymes, encoded by genes that are typically plasmid borne, hydrolyze penicillins, cephalosporins, and aztreonam and are inhibited by clavulanic acid (CA) (2, 3, 5) . Although most commonly produced by Escherichia coli and Klebsiella spp., ESBLs may be harbored by many other gram-negative bacilli as well, including but not limited to many other bacteria in the family Enterobacteriaceae (7, 8, 25) .
While most of the currently known ESBLs are derived from the older ␤-lactamases TEM-1, TEM-2, and SHV-1 (2, 11, 25) , CTX-M enzymes are also inhibited by CA and are in the category of ESBLs. In addition, some of the enzymes of the OXA family, although belonging to functional group 2d (5), show a CA effect and are considered ESBLs (2) .
While a variety of phenotypic and molecular methods have been successfully employed to confirm the presence of ESBLs in clinical isolates, their use is too labor-intensive to be practical for routine screening in microbiology laboratories. Since routine susceptibility testing does not always detect the presence of ESBLs in pathogenic bacteria (8, 11, 25) , the need for a simple yet sensitive screening procedure is readily apparent (9) .
The NCCLS has issued guidelines for ESBL screening and confirmation tests that apply to E. coli, Klebsiella pneumoniae, and Klebsiella oxytoca (14, 15, 16) . These are based on the MIC or disk diffusion (DD) results for five antimicrobial agents and subsequent testing with ceftazidime (CAZ) and cefotaxime (CTX) in the presence and absence of CA. Uncertainty remains, however, with regard to the need to screen other gramnegative bacilli for ESBLs and the applicability of the existing NCCLS criteria for ESBL detection in non-E. coli and nonKlebsiella spp. Coudron et al. (8) demonstrated the presence of ESBLs in multiple species of enteric gram-negative bacilli by testing for the CA effect with a DD method. A potential problem with this approach, however, is that the presence of resistance mechanisms other than ESBLs, such as AmpC ␤-lactamases and porin changes, could mask the CA effect by which ESBLs are identified in both DD and broth microdilution (BMD) tests (23) .
While existing NCCLS guidelines for ESBL detection in E. coli and Klebsiella spp. employ MIC methods in addition to DD, the sensitivity of these methods too may be limited when they are applied to other pathogenic bacteria, particularly those that are likely to have ␤-lactam resistance mechanisms other than ESBLs. This study evaluated the suitability of NCCLS guidelines for detection of ESBLs in non-E. coli, nonKlebsiella spp. isolates of Enterobacteriaceae. It also considered whether the prevalence of ESBL-containing isolates justified routine screening in the United States.
MATERIALS AND METHODS
Bacterial isolates. The isolates collected for this study were 690 non-E. coli, non-K. pneumoniae, and non-K. oxytoca bacterial strains comprising over 30 species from nine genera of the family Enterobacteriaceae. The isolates were received from 53 hospital laboratories throughout the United States that participated in phases 2 and 3 of Project ICARE (Intensive Care Antimicrobial Resistance Epidemiology) from January 1996 until June 1999. Enterobacteriaceae demonstrating resistance to any extended-spectrum cephalosporin, fluoroquinolone, or carbapenem, from both intensive care unit patients and other inpatient services, were sent to the central ICARE laboratory from participating laboratories. Duplicate isolates from the same patient were excluded by the submitting laboratory. The bacterial isolates were subcultured from Ϫ70°C storage onto trypticase soy agar plates containing 5% defibrinated sheep's blood (Difco; BD BioSciences, Sparks, Md.) and then subcultured once again prior to testing. The quality control strains used in this study for antimicrobial susceptibility testing included E. coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and the ESBL control strain, K. pneumoniae ATCC 700603 (14, 15, 16) .
Antimicrobial susceptibility testing. All isolates were screened for ESBLs by BMD using NCCLS guidelines (15) . MIC plates containing eight twofold dilutions of CAZ, CTX, ceftriaxone (CRO), aztreonam (ATM), and cefpodoxime (CPD) were prepared in-house. Isolates for which the MIC of CAZ, CTX, CRO, or ATM was Ն2 g/ml or for which the MIC of CPD was Ն8 g/ml were further tested by using MIC plates containing each of the above antimicrobials alone and in combination with 4 g of CA/ml. In addition, the antimicrobial susceptibility patterns of the isolates were determined by the NCCLS DD method (14) using the same bacterial suspension that was used for BMD for the CA MIC confirmation procedure. Mueller-Hinton agar plates (BD Biosciences) and disks containing 30 g of CAZ or CTX (BD Biosciences) with and without 10 g of CA were used. For the ESBL confirmation test, isolates were considered positive for ESBL production if MICs for either CAZ or CTX decreased by three or more doubling dilutions when tested in the presence of CA or if zone diameters increased by Ն5 mm for either CAZ or CTX when tested alone and with CA. BMD and DD tests were repeated for strains showing discrepant results. Isolates with positive screen test results for the presence of the ESBL phenotype that demonstrated a CA effect were further evaluated by isoelectric focusing (IEF) and PCR.
IEF. IEF was performed with crude lysates of isolates demonstrating a CA effect to determine the number and isoelectric points (pIs) of ␤-lactamases (4, 13). We considered bands with pIs of 5.2 to 6.5 to be suggestive of TEM and those with pIs of 7.0 to 8.2 to be suggestive of SHV. Bands with pIs of 7.5 to 8.9 were considered as indicating potential CTX-M enzymes, while any band with a pI of 5.5 to 9.0 was considered as indicating a possible OXA-type ␤-lactamase (23) . Enzyme extracts requiring more than 10 min to produce a color change after being mixed with nitrocephin (100 g/ml) were concentrated (Centricon; Amicon, Inc., Beverly, Mass.).
PCR. The presence of the bla TEM , bla SHV , bla OXA , and bla CTX-M genes in isolates that demonstrated a CA effect was determined by PCR as previously described (12, 21, 23) . Three sets of oligonucleotides to detect the presence of genes encoding OXA-type ␤-lactamases were used in individual reactions according to the protocol described by Steward et al. (23) . Detection of bla CTX-M genes was performed in the following sequence: isolates were first amplified with the primers CTX-MA and CTX-MB, which correspond to conserved areas of bla CTX-M -type genes and result in a 550-bp product (1); isolates containing genes encoding CTX-M-type ␤-lactamases were evaluated further with three sets of oligonucleotides that can distinguish several of the major groups within the bla CTX-M -type gene family and do not amplify the closely related bla K-1 gene of K. oxytoca. The primer set CTX-M-9 (Up/4)-CTX-M-9 (Dn/860) was used to amplify bla CTX-M-9 and related genes (22) ; the primer set CTX-M-2F-CTX-M-2R, based on the report by Petroni et al. (19) , was used to amplify bla CTX-M-2 and related genes; and primer set CTX-M-F3-CTX-M-R3 (6) was used to amplify bla CTX-M-10 and related genes. Control organisms included strains of E. coli or Salmonella that possessed either bla TEM-1 , bla SHV-3 , bla OXA-3 , bla OXA-4 , bla , bla CTX-M-5 , bla CTX-M-9 , or the bla CTX-M-10 gene. E. coli ATCC 25922 was used as a negative control.
RESULTS
Phenotypic results. The species distribution of the 690 Enterobacteriaceae isolates included in this study is shown in Table 1. Of the 690 isolates, 355 (51.4%) were screen test positive by NCCLS guidelines for ESBL detection (Fig. 1) . Fifteen (2.2% of the total) isolates demonstrated a CA effect with CTX, CAZ, or both agents. The MIC ranges for the five ESBL indicator drugs for the ESBL screen test-positive isolates and the numbers of isolates that were confirmed to harbor ESBLs are shown in Table 1 . For approximately 80% of the isolates that were ESBL screen test positive, high cephalosporin MICs were demonstrated, with concomitant resistance to cefoxitin and susceptibility to cefepime suggestive of the presence of an AmpC ␤-lactamase (data not shown), while for the remaining isolates, including several of the less commonly isolated species, cephalosporin MICs of 4 g/ml or less, which were not reduced in the presence of CA, were demonstrated.
The MIC results (when tested with and without CA) and categorical interpretations (susceptible, intermediate, or resistant) for the five screening drugs determined by the traditional NCCLS breakpoints for the 15 Enterobacteriaceae isolates confirmed to harbor ESBLs are shown in Table 2 . All of the ESBL-producing isolates were detected by testing CAZ and CTX with and without CA, as recommended by NCCLS, although in some cases the MIC results with CA were below the lowest concentration of the antimicrobial agent recommended by NCCLS for testing (i.e., 0.25 g/ml). Since three of the isolates (Citrobacter freundii 3757, Serratia marcescens 91, and S. marcescens 167) were already classified as resistant to all five antimicrobial agents, the interpretations for the cephalosporin and penicillin results would have changed from susceptible (or intermediate) to resistant only for the remaining 12 isolates (1.7% of the total isolates studied) based on the positive ESBL confirmation test.
Comparison of BMD and DD. A comparison of results for the NCCLS ESBL confirmatory tests using the BMD and the DD methods for the 15 isolates that demonstrated a CA effect is shown in Table 3 . The most effective confirmation method was BMD with cefotaxime (13 confirmed of 15 positive, if the two Proteus vulgaris isolates showing variably positive reactions are included). Conversely, DD using cefotaxime was the least effective method of confirming ESBL production (5 confirmed of 15 positive). Ceftazidime gave much more consistent results between BMD and DD testing but detected fewer ESBL-producing isolates.
PCR and IEF results. By PCR, 4 of 15 ESBL-producing isolates were positive for both bla TEM and bla SHV , 1 was positive for bla TEM only, and 1 was positive for bla SHV only. Each of these six isolates had a corresponding IEF pattern consistent with the presence of TEM and SHV ␤-lactamases (Table 4) . No ESBL genes, including bla OXA or bla CTX-M , were identified by PCR in the other nine ESBL-positive isolates. However, all nine isolates showed ␤-lactamase bands by IEF.
DISCUSSION
Broad-spectrum ␤-lactam resistance among gram-negative pathogens is associated with increased mortality, increased length of hospitalization, and elevated medical costs (7) . For E. coli and Klebsiella spp., a primary cause of such resistance is the presence of broad-spectrum ␤-lactamases, including ESBLs. Because of the importance of ESBLs in managing anti-infective therapy and the inability of some susceptibility testing methods to detect ESBL-mediated resistance, the NCCLS developed screening and confirmation methods for ESBLs (16) . NCCLS guidelines have proven useful for K. pneumoniae (23), although shortcomings have been observed for E. coli (24) . The NCCLS guidelines do not apply, however, to isolates of Enterobacteriaceae other than E. coli, K. pneumoniae, and K. oxytoca, even though several other species may carry ESBLs (8, 18, 20) . Thus, the question of whether to apply NCCLS guidelines to other members of the family Enterobacteriaceae has been looming for several years (8, 25) .
We applied the NCCLS ESBL procedures to a nationwide cohort of non-E. coli, non-K. pneumoniae, and non-K. oxytoca hospital isolates of Enterobacteriaceae. While slightly more than one-half of the isolates tested positive for ESBL activity on the initial screen, only 2.2% had positive results on confirmatory testing. Since three of the isolates were already classified as resistant to the extended-spectrum cephalosporins and aztreonam, categorical interpretations would have changed (i.e., from susceptible or intermediate to resistant) for only 1.7% of the isolates examined. Among the 340 isolates that were ESBL screen test positive but did not show a CA effect, approximately 80% had a ␤-lactam resistance profile consistent with AmpC enzymes (i.e., high cephalosporin and cefoxitin MICs and low cefepime MICs). It is possible that the presence of an AmpC ␤-lactamase may have masked the production of an ESBL in these isolates, although the low cefepime MICs argue against the presence of several types of ESBLs, such as CTX-Ms and some TEMs and SHVs, since they have activity against cefepime (11, 26) . In a previous study with K. pneumoniae (23) , testing cefepime with and without CA had limited utility in identifying ESBLs in isolates that also contained an AmpC ␤-lactamase. However, this approach may deserve further investigation.
With regard to the isolates that were ESBL confirmation test positive but for which no mechanism could be discerned, there are several ␤-lactamases that may be present. For example, the Form I and Form II enzymes of Citrobacter diversus (5) are broad-spectrum ␤-lactamases of chromosomal origin that are inhibited by CA but not formally classified as ESBLs. The plasmid-mediated OHIO-1 enzyme of S. marcescens and Enterobacter cloacae (class 2b) and the chromosomal and plasmid-mediated FPM-1 genes of Proteus spp. (class 2e) are other examples of ␤-lactamases that are inhibited by CA (5) . Some of the group 1 plasmid-encoded AmpC enzymes, such as FEC-1 and MOX-1, are also inhibited by CA (11) and could be responsible for the resistance profiles exhibited by some of our study isolates. Lack of defined PCR primer sets and our inability to access the necessary control strains prevented us from testing our isolates for the genes encoding these ␤-lactamases.
In addition to group 1 ␤-lactamases, changes in porin profiles could also lead to false-positive screening tests using NCCLS methods for ESBL detection. Rasheed et al. have described a porin change that combined with a non-ESBL ␤-lactamase to produce a false-positive ESBL phenotype (21) . Conversely, it is conceivable that porin changes may mask a CA effect in an ESBL-producing strain by failing to allow the entrance of sufficient quantities of cephalosporin into the bacteria for the effect to be evident (17) . In summary, our study demonstrates that ESBLs are detected infrequently in non-E. coli, non-K. pneumoniae, and non-K. oxytoca isolates of Enterobacteriaceae from 53 U.S. hospitals. Moreover, NCCLS detection methods are based on a phenotypic profile that has the potential to yield false-positive and false-negative results among isolates in which other ␤-lactamases are common. Given the infrequency of a positive confirmation test, the labor-intensiveness and cost of the ESBL testing, and the pitfalls regarding sensitivity and specificity inherent in the test, evaluation of non-E. coli and non-Klebsiella spp. isolates by NCCLS ESBL detection methods should not be undertaken as a routine practice in the United States at this time.
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